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Abstract

The main objective of this work is to study the influence of the drug particle size on the pharmaceutical availability of ultrasound compacted
tablets. Inert matrix systems containing different drug particle sizes were prepared using both, an ultrasound-assisted press and a¢eadiiional ec
machine. Potassium chloride was used as drug model and EGJR@iPM as matrix forming excipient. The excipient particle size was kept
constant. The cross-sectional microphotographs of ultrasound tablets show the existence of a quasi-continuum medium. Keeping constant the dr
load, US-tablets showed very similar release rates, whereas for traditional tablets, an increase in the particle size resulted in a cleatldecrease in
release rate. In these tablets, the excipient forms an almost continuum medium. In an infinite theoretical system of these characteristics, the si
of the drug particles will not modify the percolation threshold. The percolation of the excipient in this system can be assimilated to a continuum
percolation model. In accordance with the proposed model, a lower influence of the drug particle size on the drug release rate was obtained for tf
US-tablets in comparison with traditional tablets. This fact can be indicative of the similarity of the drug percolation thresholds in these systems
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction This statistical theory supposes the existence of a regular lat-
tice underlying the system. As a function of their relative volume
The compression of a powder is a complex process that igatios one or both components constitute a “percolating cluster”,
usually affected by different kinds of problems. These probformed by particles of the same component that “touch” each
lems have been widely investigated and mainly concern thether from one side to the other sides of the tablet, generat-
volume reduction and the development of strength between theg a continuous phase through the matrix. One of the most
particles of the powder, sufficient to keep the tablet integrityimportant parameters of percolation theory is the percolation
(Leuenberger and Rohera, 1986he application of ultrasonic threshold, where there is a maximum probability of appear-
energy is showing a great ability to reduce and even avoid thesance of an infinite or percolating cluster of a substance. This
problems Levina et al., 200D concentration usually represents a critical point of the system
Ultrasound-assisted compression can provide a new tool t(Stauffer and Aharony, 1991Close to this point, important
prepare Controlled Release Systems in a simple way. One of ttidhanges can be observed, such as change in the release mecha-
reasons for this technique being not widely used in pharmaceutitism of the active agent or modification of the tablet structure
cal technology can be the lack of a clear knowledge on the effedmonolith versus a desegregating device, etc.). Details for the
of the application of ultrasonic energy on the final properties ofestimation of this threshold have been widely described else-
the dosage form. where Bonny and Leuenberger, 1991, 1993; Caraballo et al.,
In this respect, the percolation theory is being applied t0l993. The optimum concentration ranges for both, a drug
obtain a theoretical model able to predict the behaviour of the@nd an insoluble polymer, have been defined as a function of

obtained systems. the percolation thresholds of drug and excipieBoriny and
Leuenberger, 1991, 1993vith the purpose to prepare inert
matrices.
* Corresponding author. Tel.: +34 9545561368; fax: +34 954556726. Furthermore, the influence of the formulation parameters
E-mail address: momillan@us.es (M. Mi&n). such as the particle size on the percolation threshold has
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been studied in previous works for traditional inert matrices2. Experimental
(Caraballo et al., 1993, 1996; Malh et al., 199Bwhere a lin-

ear relationship was found between the relative drug/excipien.l. Materials
particle size and the drug percolation threshold.

Recent studiesGaraballo et al., 20Qthave shown that in Potassium chloride (Acofarma, Barcelona) was used as
case of one component of the system undergoing thermoplastizater-soluble drug model and Eudr&itRS-PM (Hils
deformation, the continuum percolation model can be used t&spdiola, Barcelona), a hydrophobic, non-swelling acrylic poly-
predict the changes in the system with respect to a traditionaher, was used as matrix-forming material.
pharmaceutical dosage form.

The continuum percolation model dispenses with the exis2.2. Methods
tence of a regular lattice underlying the system; therefore, the
substance is not distributed into discrete lattice sites. This modé}2.1. Preparation of tablets
deals with the volume ratio of each component and a con- Potassium chloride and EudrditRS-PM were sieved
tinuum distribution function. The volume ratio is expressed(Retsch type Vibro). The mean diameter of the particles of drug
as a space—occupation probability to describe the behavio@nd excipient was measured using He—Ne laser diffraction sys-
of the substance Efros, 1994; Kuentz and Leuenberger, tem (Malvern Instr.,, type Mastersizer x, 1.2able 1shows
1999. the composition of the 50 formulations prepared, as well as the

This model can explain the important decrease in the criticalmean drug particle size employed. The excipient particle size
point corresponding to the excipient percolation threshold, 4124pm) was kept constant.
critical point that governs the mechanical and release properties
of the matrix. 2.2.2. Compression process

Ultrasound compaction lowers the percolation threshold of Different lots were prepared using an ultrasound-assisted
the thermoplastic excipient, resulting in a drastic reductiorpress and a traditional eccentric machine.

(about 50%) for matrix forming excipient, as well as in a bet-  The traditional tablets were prepared by direct compression,
ter control of the drug release. The structure of the excipientising an eccentric machine (Bonals type A-300) at the maximum
inside the US-tablets does not correspond to a particulate sysempression force accepted by the formulations, using a three-
tem but to an almost continuum medium: therefore, there is nehamber compression matrix (12 mm diameter).

an excipient particle size inside these matrices. Consequently, The US-tablets were prepared with a lab scale ultrasound-
the percolation threshold of the active agent is higher than issisted tableting machine (Saitec Srl). This machine is equipped
traditional tablets. The insoluble excipient almost surrounds th&ith an US generator coupled to the upper punch. An ultrasonic
active agent particles, slowing down the contact with the disenergy of 80 J was applied to the mixture during the compaction
solution medium. These facts can involve important advantagegrocess at the frequency of 20 kHz. Flat cylindrical punches of
for the pharmaceutical industry, such as the preparation of corkl mm were employed.

trolled release inert matrices containing high drug doses, with a Tablets with a weight of approximately 600 mg were obtained
very little increase in the weight of the system. The applicatiorin both, US and traditional machines using manual feeding.

of the ultrasonic energy results in an increase in the temperature

of the die during the compaction process. The consequences 2R.3. Technological parameters of the tablets

this fact should be taken into account and cannot be neglected Weight (Mettler, mod. AE-50), height and diameter (Export-
in the case of thermolabile drugs and/or excipieRsdriguez  Pel micrometer) were determined as the mean of at least 10
etal., 1997, 1998 tablets.

The main objective of this study is to evaluate, for the first The initial porosity §o) was determined based on the values
time, the effects of drug particle size on the pharmaceutical availef volume and weight:

ability properties of ultrasound compacted tablets and to study Vieal — Vin
real — eor

the behaviour of a substance (a drug in this case) distributegh = — v Q)

as discrete particles into a continuum phase (the excipient) that real

surrounds the drug almost completely, applying the continuunwhereV;eg is the volume of the tablet aridnheorthe theoretical
percolation model. volume of the tablet, corresponding to the sum of the volumes
Table 1

Composition, drug particle size and type of tabletting machine employed for the preparation of the studied formulations

Traditional eccentric % KCI Particle size KGLfn)? Ultrasound-assisted % KCI

10, 20, 30, 40, 50, 60, 65, 70, 75, 80, 90 144 50

40, 50, 55, 60, 65, 70, 75, 80 210 10, 20, 30, 40, 50, 60, 70, 75, 80, 85, 90
40, 50, 55, 60, 65, 70, 75, 80 270 50

40, 50, 55, 60, 65, 70, 75, 80, 85 302 50

@ The excipient particle size (124m) was kept constant.



170 M. Milldn, 1. Caraballo / International Journal of Pharmaceutics 310 (2006) 168—174

obtained dividing the mass of each component by their true derwherec is a constantg the total porosity of the matrix due

sity. to initial tablet porosity and to drug content after leaching and
The total porosity ) was obtained in a similar way: ec denotes the drug percolation threshold expressed as critical
porosity.
P Vreal — Vexc ) The values of the8 property and the total porosity, have
Vreal been calculated individually for each one of the three replicates.

Vexc the volume corresponding to the insoluble components o-frhe. linear regression ¢f versuss (concgrnmg only the linear
region of the plot abovg.) allows to estimate the drug perco-

the system, i.e. the inert excipient ands the porosity of the ation threshold
matrix after dissolution of the soluble components of the tablel '
have been dissolved.

2.2.6. Scanning electron microscopy (SEM)
2.2.4. Dissolution profiles A scanning electron microscope (Phillips type XL-30) with a

Dissolution studies were carried out in the USP 28 apparatudack scattering electrons detector (BSE) and a secondary elec-
(Turu Grau, type D-6) using the rotating disc method, so that onlffons (SE) detector was employed in order to study the surface
one surface of the tablet (0.79 éror US-tablets and 1.13¢n  and the cross-section of the matrix tablets.
for traditional tablets) was exposed to the dissolution medium
(deaerated water at 370.5°C). The rotational speed was kept 3. Results and discussion
constant at 50 rpm. Release of KCl was detected by the increasé
in conductance of the dissolution medium, using a Crison micr%, 1. Scanning electron microscopy
CM-2201 digital conductivity-meter linked to a chart recorder™ "
and a personal computer. The system provided one conductivity

) " . In order to check whether the compression method has
datum per second. This analytical method has been Va“datea(&fected the drug particle size, the surface and the cross-section
in previous studiesCaraballo et al., 1998 Conductivity data gp '

were converted into percentage of KCl dissolved. by means ?f the matrices were studied by SEM. No substantial modifica-
a calibration curve P 9 DY Yon of the drug particle size has been found in the surface of

. R . . both tablets[igs. 1 and 2

- 1/2
Higuchi's kinetic model (Ilguchl, 19.63 (Q=a+b") was The main difference observed studying the surfaces of tra-
used to study the changes in the matrix release rate.

Experimental data were plotted as a function of the s uarditional and US-tablets is the partial erosion of the edges of
P : . ) P . quarg e kel particles in tablets with higher drug particle size (see

root of the time (Higuchi plot). Only values in the range 10—70%Fi s.1and 2

of the total concentration were used for the linear regression go'n the other hand. the cross-sectional microphotoaraphs of
in traditional tablets. The slope of the cumulative fractionalIablets prepared usin’g the ultrasound-assisted %ressg st?ow the
release versus the square root of the time is called the Higuchig . -~ "« quasi-continuum medium, due to the impor-
ifﬁ;;g:gggﬁgu;;hgszzp?r:' g]egzgfﬂ,ot)lrils ?;:i? ggtsaei}ge?jn ttegnt thermoplastic deformation (perhaps accompanied by partial
after 150 min frorr? the beainning of theyrelease assa Weréusion) of the excipient, by effect of the application of ultra-
used 9 9 y Sounds Fig. 3). The cross-section of traditional tablet is shown

in Fig. 4for comparison purposes.

2.2.5. Estimation of the drug percolation threshold

To determine the percolation threshold, we have followed the
method developed bBonny and Leuenberger (1991)here-
fore, the drug percolation threshold has been estimated plottingg
the 8 property versus the total porosity of the tablets. This prop-
erty, derived from the diffusion coefficient, is defined by the
following equation:

b
F= V2A — ¢Cs

whereb is the Higuchi's slope (g cm? min~1/2), A the concen-
tration of the dispersed drug in the tablet (gcthandCs is the
solubility of the drug in the permeating fluid (g o).

The parametep linearly depends on the distance from the
percolation threshold.. Above the drug percolation threshold
there is a range where tiigproperty behaves as:

®3)

Fig. 1. SEM micrograph showing the surface of the US-tablets with 50% (w/w)
B =c(e —&c) = —cec —ce 4) drug content, using the SE detector.
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Fig. 2. SEM micrograph showing the surface of the traditional tablets with 50%Fig. 5. Percent release profiles (mean of three replicates) of US-tablets con-
(wiw) drug content, using the SE detector. taining 50% (w/w) KCI and 50% (w/w) excipient (mean value$.D.,n=3).

(@) 144p.m; (A) 210pm; (O) 270pm; (—) 302um drug particle size and the
excipient particle size (124m) was kept constant.

3.2. Release profiles and released kinetics

The obtained tablets were subjected to the dissolution test,
following the conditions indicated in the previous section.
Figs. 5 and &how the release profiles for both, traditional and
US-tablets containing 50% (w/w) KCl and 50% (w/w) excipient.

A clear difference between the releases profiles of the US-
tablets cannot be appreciatdeld. 5. The opposite behaviour
was obtained for the traditional tablets, where an increase in the
particle size resulted in a clear decrease in the release rate (see
Fig. 6).

DespiteFig. 5shows some differences in the amountreleased:;
iy ; - - a detailed analysis of the release profiles of US-tablets indicates
Fig. 3. SEM micrograph showing the cross-section of the US-tablets with 5094hat, after the first stage, the release rate of the different lots
(w/w) drug content, using the SE detector. KCI (white particles) is surroundedare practically identical. This fact has been verified, calculat-
by excipient (shadow). ing the Higuchi constantHiguchi, 1963 of these lots for time
>150 min. The results obtained confirm the proposed hypothesis
(seeTable 2. As it can be observed, very similar profiles were
obtained showing no tendency against the particle size.

)

% KCI Released

T T T T 1
0 50 100 150 200 250 300
Time (min)
elotS5alot6oLlot7=Lot8

Fig. 6. Percent release profiles (mean of three replicates) of traditional tablets
Fig. 4. SEM micrograph showing the cross-section of the traditional tablet withcontaining 50% (w/w) KCland 50% (w/w) excipient (mean valteS.D. ,n = 3).

50% (wiw) drug content, using the BSE detector. White particles correspond tp@) 144pm; (%) 210um; (0) 270pum; () 302um drug particle size and the
KCl and shadow particles to the excipient. excipient particle size (124m) was kept constant.
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Table 2

Parameters corresponding to the calculation of the Higuchi’s 3loitablet containing 50% (w/w) KCI and 50% (w/w) excipient varying the drug particle size
Tabletting machin Particle size KCI gm)°® b r n F Prob.

1 144 0.0297 0.999 81 45191.9305 <0.0001
1 210 0.0305 0.999 81 186633.03 <0.0001
1 270 0.0316 0.999 81 248972.87 <0.0001
1 302 0.0296 0.999 81 98400.047 <0.0001
2 144 0.0550 0.990 7 244.2 <0.0001
2 210 0.0279 0.986 27 905.9 <0.0001
2 270 0.0286 0.984 25 708.2 <0.0001
2 302 0.0170 0.998 43 9680.8 <0.0001

The tablets were prepared using both an ultrasound-assisted tabletting machine and a traditional eccentric machine.
a p=Higuchi constant (g min*2cm~2); r=linear correlation coefficient; = number of cases; = Snedecor ratio.
b 1, Ultrasound-assisted tabletting machine; 2, traditional eccentric tabletting machine.
¢ The excipient particle size (124m) was kept constant.

Table 3

Calculation of the tablet propergand related paramefan matrices containing 50% (w/w) of drug, 1a4n Eudragi® RS-PM, varying the KClI particle size
Tabletting machirf2 Particle size KCI um) £0 3 b r n F Prob. A Bx1073

1 144 0.062 0.421 0.0297 0.999 81 45191.931 <0.0001 0.715 26.29
1 210 0.060 0.416 0.0305 0.999 81 186633.03 <0.0001 0.721 26.87
1 270 0.052 0.424 0.0316 0.999 81 248972.87 <0.0001 0.711 28.04
1 302 0.065 0.426 0.0296 0.999 81 98400.047 <0.0001 0.709 26.36
2 144 0.177 0.493 0.0550 0.990 7 244.2 <0.0001 0.626 57.82
2 210 0.150 0.477 0.0279 0.986 27 905.9 <0.0001 0.646 26.32
2 270 0.118 0.457 0.0286 0.984 25 708.2 <0.0001 0.670 28.66
2 302 0.138 0.469 0.0170 0.998 43 9680.8 <0.0001 0.656 15.93

The initial porosity §o) of the tablets has been included. The tablets were prepared using both an ultrasound-assisted press and a traditional eccentric machine.
a ¢, Total porosity, Higuchi constant (g min*’2cm~2); r, linear correlation coefficient;, number of cases?, Snedecor ratiod, concentration of drug dispersed

in the tablet (g cm?3); B, tablet property (§2cm=2min=1/2).
b 1, Ultrasound-assisted; 2, traditional eccentric.

The differences observed in the first stage (0—150 min) cadescribed in Sectio8. Table 3shows the values of the param-
be attributed to the distortion introduced by the finite clusterseters involved in the calculation @ffor the matrix containing
of drug connected with the surface exposed to the dissolutioB0% (w/w) of drug and prepared using the traditional eccentric
medium (sed-ig. 1). These clusters will form pores of higher machine and ultrasound-assisted press, respectively.
size (in which the diffusion of the drug will be faster) when In our study, the considerefl values were those included
coarser drug particles are employed. in the following ranges of (w/w) KCI concentration: 40-80,
These results differ significantly from those obtained for40-80, 40—-80, 50—-85%, respectively, for tables containing 144,
tablets prepared with traditional machine, which show impor210, 270 and 30@m KCI particles and prepared with a tra-
tant differences in the release rate as a function of the particlditional eccentric machine. In the case of tablets prepared

size of drug (se€ig. 6andTable 2. using, the ultrasound-assisted press the ranges of (w/w) KCI
concentration were 75-90% for tablets containing la#d
3.3. Estimation of the drug percolation threshold KCI.

Table 4shows the drug percolation thresholds obtained as

The drug percolation thresholds.{) were calculated using Well as some statistical parameters from the determination the
the propertys, proposed byBonny and Leuenberger (1998s B values of both ultrasound and traditional tablets.

Table 4

Drug percolation thresholds{) and statistical parameters from their determination

Tabletting machin® KClI particle size um)° ec r n F Prob.

1 144 0.615 0.999 4 577.9008 <0.0001
2 144 0.345 0.863 7 14.6380 <0.0001
2 210 0.362 0.979 8 139.431 <0.0001
2 270 0.381 0.992 8 355.316 <0.0001
2 302 0.417 0.990 8 307.862 <0.0001

The tablets were prepared using two types of tabletting machines.
a 1, Ultrasound-assisted tabletting machines; 2, traditional eccentric tabletting machines.
b The excipient particle size (124m) was kept constant.
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Fig. 7. Drug percolation thresholds obtained in traditional tablets as a functiofrig. 9. Higuchi's slope (g mint/2cm2) of US-tablets containing 50% (w/w)
of the drug patrticle sizeuim) employed. of drug as a function of the mean particle sipen) of the drug employed.

Fig. 7 shows the drug percolation thresholds obtained as &blets, there is direct relation between the Higuchi's slope and
function of the drug particle size for lots with 134n diam-  the drug particle sizeHig. 8).
eter excipient in tablets prepared with the traditional eccentric This evolution of the Higuchi’s slope, found in the traditional
machine. matrices studied, is inversely proportional to that found for the
As shown in this figure, linear changes in the drug percolapercolation threshold calculated for these matri¢ég. (7).
tion threshold were obtained by changing the drug particle size However, in the case of US-tablets the release profiles are
(Caraballo et al., 1996; M#in et al., 1998 very similar, showing similar Higuchi’s slope for the different
There is a clear influence of the drug particle size on theparticles sizes use&ig. 9). This could indicate that the percola-
drug percolation threshold, which increases when coarser drugpn thresholds of these tablets are very similar, being the similar
particles are employed. distance to the percolation threshold the cause of the similarity
As showninTable 4 there is a remarkable difference betweenin the release rates.
the percolation thresholds calculated for the gh®particle size
fraction of KCl in traditional tablets and in US-tablets, showing f 4.1. Effect of the sample size: influence in the percolation

the ultrasound-assisted tablets higher drug percolation thresho
threshold

(SC; Oféi)l;gr']sn?gg:\&?rzrsCiggzece;rgs;?;de?Z'lngztggocom'n' In the US-tablets there is no really a relative drug/excipient
uump : ' ’ " particle size, since the excipient forms an almost continuum

medium. The percolation of the excipient in this system can be
assimilated to a continuum percolation model. In this model, an

. . .. underlying network does not exist and the components do not
In Figs. 8 and an be seen the completely different kinetic have a determined particle size. They behave like a fluid that

behaviour that exhibit US-tablets compared to traditional tablet%rosses the system by random ways whose widths are changing

of similar composition. As the particle size of the drug inCreases, .- the same system.

Cas6 of US.ablets he control o tn release fs smiar fo every, 1S tneoretcal model i very similar foral the studied US-
particle size Yablets: the_ drug particles are su_rrounded by the excipient, with
When stLdeing the behaviour of a release parametethe. e>_<c_ept|on of '_[he contact points between d_rug partlcle_s. In
. ., . . . n infinite theoretical system of these characteristics, the size of
(Higuchi's slope) we can appreciate thatin the case oftradltlone{ e drug particles will not modify the percolation threshold.
Coming to our finite samples, the only difference between
0,06 the lots would be the magnification with which the system is

3.4. Influence of drug particle size

® 0osk A observed. Therefore, the lots with larger drug particles will cor-
a2 respond to the system observed with higher magnification and
E 0,04 the lots with smaller drug particles could be represented by the
’.E 003k R . same theoretical system, observed with a lower magnification.
3 oozl The difference in the size of the particles implies that tablets
- prepared with 100—-150m drug particles, contain a higher num-

0,01 ber of drug particles than the prepared with KCI of 150—261

0 ) ) ) . ) ) Therefore, the lot prepared with the fraction 250—8080, will

o

50 100 150 200 250 300 350 contain the lower number of drug particles.

Mean Size It can be expected that the average drug percolation threshold,
Fig. 8. Higuchi's slope (g min”2cmi2) of traditional tablets containing 50% Measured in these lots, will only change by effect of the sample
(w/w) of drug as a function of the mean particle sigen() of the drug employed. ~ Size,L (Stauffer and Aharony, 1991This variation is described
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by the following equation: Bonny, J.D., Leuenberger, H., 1993. Matrix type controlled release systems.
—1/v IIl. Percolation effects in non-swellable matrices. Pharm. Acta Helv. 68,
Pcave— pc X L 25-33.

bein the average value of the percolation thresholds meagarabano’ |, Ferandez-Agvalo, M., Holgado, M.A., Rabasco, AM., 1993.
9pc ave 9 p Percolation theory: application to the study of the release behaviour from

sured experimentally in the studied tabletgthe percolation inert matrix systems. Int. J. Pharm. 96, 175-181.

threshold in the infinite theoretical system ana critical expo-  Caraballo, 1., Milan, M., Rabasco, A.M., 1996. Relationship between drug
nent, which in three-dimensions equals 0¥ (tscher et al., percolation threshold and particle size in matrix tablets. Pharm. Res. 13,
1983. 387-390.

Another factor that could influence in the obtained el’CO_Caraballo, I., Milan, M., Fini, A., Rodriguez, L., Cavallari, C., 2000. Perco-
p lation thresholds in ultrasound compacted tablets. J. Control. Release 69,

lation thresholds would be the higher variability that can be 345 355
expected in the lots with a minor number of drug particles. Nev-Caraballo, I., Alvarez-Fuentes, J., Melgoza, E.MMillan, M., Holgado,

ertheless, this factor should not modify the average value of the M.A., Rabasco, AM., Fernandez-Arevalo, M., 1998. Validation study
percolation threshold, but its variability. of the conductometrical analysis. Application to the drug release studies

These two factors depending on the sample size are expect from contolled release systems. J. Pharm. Biomed. Anal. 18, 281-285.
p g p p %gutscher, G., Zallen, R., Adler, J., 1983. Appendix: some important isotropic

to haV_e alittle inﬂl-!enF_e on the percolation threSh_C)ld' f:ompared percolation exponents. In: Deutscher, G., Zallen, R., Adler, J. (Eds.),
to the inherent variability of the method for the estimation of the  Percolation Structures and Processes. Adam Hilger/The Israel Physical
percolation threshold in our real systems. Therefore, this model Society/The American Institute of Physics, Bristol/Jerusalem/New York.

predicts a low influence of the drug particle size on the drugf‘f’os' A.L., 1994. fisica y Geometa del desorden. Hayka, Moscow.
release rate iguchi, T., 1963. Mechanism of sustained-action medication-theoretical

analysis of rate of release of solid drugs dispersed in solid matrices.
J. Pharm. Sci. 52, 1145-1149.
4. Conclusion Kuentz, M., Leuenberger, H., 1998. Modified young’s modulus of microcrys-
talline cellulose tablets and the directed continuum percolation model.
On the basis of the continuum percolation model, the US- Pharm. Dev. Technol. 3 (1), 1-7.

tablets that contain i-continuum m f excipient. d tLeuenberger, H., Rohera, B.D., 1986. Fundamentals of powder compression.
ablets that contain a quasi-co uu ass or excipient, aue to Il. The compression of binary powder mixtures. Pharm. Res. 3, 65-74.

the effect of the ultrasonic energy on the thermoplastic acrylig eyina, M., Rubinstein, M.H., Rajabi-Siahboomi, A.R., 2000. Fundamentals
excipient (Eudrag® RS-PM), constitute similar systems, inde-  of powder compression. Il. The compression of binary powder mixtures.

pendently of the drug particle size employed. Therefore, a Pharm. Res. 17 (3), 257-265. .
lower influence of the particle size on the release propertieﬁ’"" an, M., Caraballo, I., Rabasco, A.M., 1998. The role of the drug/excipient

. . . . L article size ratio in the percolation model for tablets. Pharm. Res. 15
was obtained for the US-tablets in comparison with traditional ?2) 290224 P

tablets. On the other hand, a lower variability in the pharmarodriguez, L., Cini, M., Cavallari, C., Passerini, N., Saettone, M.F., Fini,

ceutical availability is expected for the systems obtained using A., Caputo, 0., 1997. Physico-chemical properties of some materials

ultrasound-assisted compression. compacted using an ultrasound-assisted tableting machine. In: 16th Inter-
national Conference on Pharm. Tech., vol. |, pp. 267-278.
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Caputo, O., 1998. Evaluation of theophylline tablets compacted by means
of novel ultrasound-assisted apparatus. Int. J. Pharm. 170, 201-208.
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